ABSTRACT
INTRODUCTION
The human blood coagulation factor IX (hFIX) is an essential glycoprotein for blood coagulation. The molecular weight of this protein is between 55.000 and 65.000 Da and its concentration in human plasma is about 5µg/mL (0.1µmol) in healthy individuals (Hoffer et al, 1999) . The absence or a significant deficiency of hFIX causes hemophilia B, an X-linked recessive disorder of blood coagulation, also known as Christmas disease. The treatment of affected individuals consists of periodic intravenous infusions of purified hFIX concentrates. The Brazilian blood center network generates a considerable volume of plasma of good quality (over 200 thousand liters per year) (Tanaka et al, 2002) . This could be used for production of hFIX and other blood derivatives, reducing treatment costs and providing autonomy to Brazil in the treatment of hemophilia and other disorders depending on plasma protein replacement. To accomplish this aim, in an industrial setting, it is necessary to develop plasma fractionation techniques, such as HPLC, to improve them continually and utilize suitable monitoring of hFIX purification steps (Ono and Smith, 1984) . This checking is needed to attest the efficiency of the used chromatographic methods and verify material loss during the process (Branovic et al, 2003) . To do this, high specificity tests need to be developed. Enzymatic immunoassays using antibodies antihFIX are appropriate to detect antigen presence in eluted fractions in chromatography. In this work we describe a simple, low cost and high yield production of specific antibodies anti-human FIX in New Zealand rabbits.
MATERIAL AND METHODS

Immunization
Two male New Zealand rabbits were immunized with pure hFIX (Octanyne ® 500, Human Concentrate Factor IX for intravenous use, USA). The immunization plan (dose/day of protein load applied) was: (1) day "0" -50µg; (2) 27 th day100µg; (3) 41st day -150µg; (4) 48 th day -200µg. The hFIX concentration injected in the rabbits was adjusted in PBS buffer 0.15M, 0.3M Al(OH) 3 and pH 7.2. Aluminum hydroxide was used as adjuvant. The subcutaneous application of 500µL total solution containing hFIX was distributed in four dorsal points in the animals. Three bleedings of each animal were performed along the experiment. The first on day 0 and the second on 41st day for antibodies titers checking, both from the central vessel of the ear. The last bleeding on 55 th day was done utilizing cardiac punction. After collection, blood was immediately centrifuged at 2,500 rpm for 15 minutes at room temperature. The serum was stored at -30ºC.
Serum titers by ELISA
Calcium chloride was added in the solutions used in ELISA tests for recognition of activated hFIX by the antibodies, except in the coating buffer, as reported by Chang et al, (2003) . The serum reactivity was revealed using a sheep anti-rabbit IgG conjugate marked with peroxidase, kindly provided by Olortegui, C.C. Titer curves of the collected serum were performed on 41st and 55th days to confirm the antibody production and determine the dilution to be used in the subsequent ELISA tests. Pure hFIX Octanyne ® (250ng) was coated in the wells of the plate and serial dilutions of the serum were analyzed.
Polyclonal antibodies specificity ELISA tests were done by adding bovine serum albumin (BSA) or trypsin in the wells to verify the polyclonal antibodies specificity. Enzymatic digestions assays of hFIX (Octanyne ® ) were done using trypsin (Macarrone et al, 2001 ). The enzymatic digestion was performed in five defined times of 1, 5, 20 and 60 minutes plus 24. The reaction was stopped by adding 60% acetic acid solution stopped the reaction. The peptide pools generated in the digestion process were coated in plates for ELISA test in the same conditions used for the undigested hFIX. In addiction to these specificity tests with unrelated proteins, the polyclonal antibody produced was also tested in immunoassays for the recognition of partially purified hFIX from human plasma. Samples of human plasma poor for cryoprecipitate (PEX) (49mL) were divided into fractions by anionic exchange chromatography using Sepharose DEAE FF resin (Pharmacia Biotech, Sweden) . In this process, the condition were: flux of 10mL/min in a 520mL column, equilibrium with 1.5 column volume (CV), unbound material elution with 1CV (citrate buffer 10µM, Gly 10µM, Lys 10µM, CaCl 2 1µM, pH 7.0), salt linear gradient (0 to 1.0M NaCl) established with 1.5CV, washing with 1.0M NaCl solution (1 CV) and the column regeneration with citrate buffer (1 CV). To make the salt gradient citrate buffer 1.0M NaCl was used. The collected protein peaks were tested with ELISA assays using the polyclonal antibodies anti-hFIX previously produced. Protein content of the collected samples was assayed using the Bradford method (Bradford, 1976) with BSA as a reference standard.
RESULTS AND DISCUSSION
Serum titers by ELISA
The serum titration graph is shown in Fig. 1 . Observing the data obtained, we could establish satisfactory serum dilutions for all the realized ELISA tests in the standardization and in subsequent tests. For the serum collected after the second immunization, the chosen dilution was 1:16. The ideal dilution for the serum was 1:500 when it was collected after the 4 th immunization.
Polyclonal antibodies specificity
The produced antibodies showed a high specificity in the tests performed. The serum did not interact with BSA or trypsin, a serine protease that shared homologue domains with hFIX. The immunoglobulins presented a significantly lower recognition of the peptides generated in the hFIX digestion by trypsin when compared to the pure commercial hFIX (Octanyne ® ). They were 68% lower with one-minute reaction and 88% lower with one-hour reaction. In the 24 digestion reaction there, was no reactivity. As shown in Fig. 2 , in the anionic exchange chromatography of the human plasma poor in cryoprecipitate, five protein peaks were obtained. Among these, only one was significantly recognized by the anti-hFIX antibodies in ELISA tests (Fig. 3) . The low recognition of the other fractions by the anti-hFIX antibodies could be caused by its premature elution in the chromatographic process used, causing a diminutive loss. The premature elution of hFIX could be caused by its high aggregation capacity with other plasmatic proteins, due to a Gla domain of this glycoprotein, which favored this type of interaction (Blostein et al, 2003) . These results showed that the polyclonal antibodies anti-hFIX could be readily produced in New Zealand rabbits and presented a good specificity in ELISA tests. Other immunoassays such as Western Blot could also be used to test for hFIX purification, as reported by Iberer et al (2002) . One-minute digestion reaction of hFIX by trypsin was sufficient to eliminate the majority of epitopes recognized by the produced antibodies, showing the specificity of the produced antibodies, which was reinforced by the control assay with BSA or trypsin. The polyclonal antibodies produced in rabbits presented a good specificity to human FIX as demonstrated in other works using primates, dogs and rats (Tomokiyo et al, 2001 ). In conclusion, it was possible to produce polyclonal antibodies of good specificity in New Zealand rabbits, useful for the monitoring of hFIX purification by chromatographic methods. There could be other uses of these antibodies for clinical laboratory tests, for example, in the diagnosis of FIX deficiency. comercial puro (Octanyne ® , Octapharma, EUA). O soro contendo as imunoglobulinas anti-hFIX foi útil para a detecção do antígeno hFIX em frações do plasma humano submetido a cromatografia de troca iônica. Imunoensaios (ELISA) usando soroalbumina bovina, tripsina e peptídeos gerados por ensaios de clivagem com tripsina com enzima de digestão foram realizados e revelaram especificidade adequada dos anticorpos policlonais produzidos.
